Abstract: Effects of salinity on growth, protein content, proline, catalase and antioxidant enzyme activity in callus of three halophytes of the Thar Desert; Salsola baryosma, Trianthema triquetra and Zygophyllum simplex were evaluated. Callus tissues were cultured on Murashige and Skoog's medium containing different concentrations of NaCl (50, 100 and 200 mM). Increase in dry weight and soluble proteins were observed in the callus exposed to lower salinity (50 and 100 mM NaCl) in all the three species, whereas on the medium containing 200 mM NaCl, significant decrease in these two growth parameters was recorded. Under the salinity stress maximum proline accumulation was found in S. baryosma with parallel increase in soluble sugars. Among the three species, T. triquetra callus showed maximum CAT activity with 50 and 100 mM NaCl treatment, whereas the enzyme activity decreased at 200 mM NaCl treatment in all three species. The antioxidant potential steadily elevated under salt treatment in all the above three species using 1, 1-diphenyl-2-picrylhydrazyl (DPPH) and ferric reducing antioxidant potential (FRAP) assay. Whereas, superoxide dismutase (SOD) quenching were recorded maximum at low (50 and 100 mM) concentrations in all the three species. However, T. triquetra callus showed maximum total phenolic content (TPC) 15 mg GAE g −1 with the elevated concentration of NaCl up to 200 mM, and S. baryosma callus showed lower TPC as compared to both species. A significant correlation between antioxidant capacity and TPC was observed indicating that phenolic compounds are the major contributors to the antioxidant potential in these halophyte species. FRAP and DPPH activity of Z. simplex showed maximum correlation (R = 0.992), as compared to other two species. We can conclude that all the three species exhibit a protection mechanism by sustaining growth parameters and antioxidant capacity. Due to high antioxidant property of all these species, the plant extracts may be included in nutraceutical formulations.
Introduction
Salt-tolerant plants have evolved a variety of physiological responses that confer tolerance to salinity stress (Yang et al. 2010) . These plants accumulate osmolytes such as glycine, betaine and proline that maintain the osmotic balance disrupted by presence of ions in the vacuole (Wang et al. 2004 ). Investigations of halophytes indicated that significantly increased levels of proline and soluble carbohydrates are probably related to osmotic adjustment and the protection of membrane stability under salinity stresses ). Catalase (CAT) and ascorbate peroxidases enzymes rapidly destroy the vast majority of H 2 O 2 produced by metabolism, but they allow low steady state levels to maintain redox signaling pathways (Luna et al. 2004 ). Due to increased environmental stress the balance between the production of Reactive oxygen species (ROS) and the quenching activity of the antioxidants is upset, often resulting in oxidative damage. ROS can be important mediators of damage to cell structures, nucleic acids, lipids and proteins (Parvaiz & Satyawati 2008) . The cell antioxidant system helps in the protection against the cytotoxic effects of ROS (Queirós et al. 2011) . Antioxidant activity was assessed by scavenging DPPH radical, NO radical, super oxide-anion radical and FRAP test. In the FRAP assay, the antioxidants ability to reduce a ferric complex to the ferrous form is measured. FRAP was developed to analyze the reducing ability of plasma but has also been applied to plants (Aaby et al. 2004) . DPPH is a kind of stable organic radical and the capacity of biological reagents to scavenge the DPPH radical can be expressed as its magnitude of antioxidation ability. The reactive rate and the ability of the radical scavenger depend on the rate and the peak value of disappearance of the DPPH (Deng et al. 2011) .
Global agriculture production and food security is seriously affected by high salinity and scarcity of water (Subudhi & Baisakh 2011) . In fact, only a small c 2013 Institute of Botany, Slovak Academy of Sciences group of higher plants, the halophytes, can grow under saline conditions. The potential utilization of halophytic species for the improvement of sustainable agriculture as well as sources of economy was discussed by Khan & Qaiser (2006) . Plants have evolved adaptive mechanisms which can be understood and exploited as an important resource for development of crops tolerant to extremities (Lokhande & Suprasanna 2012) . Halophytic species that live under conditions of high salinity exhibit succulence by altering their energy metabolism (Aghaleh et al. 2011) and salinity tolerance in the form of osmotic adjustment (Flowers & Colmer 2008) .
The three halophytes species, Salsola baryosma, Trianthema triquetra and Zygophyllum simplex are found in the Indian Thar Desert (Kasera & Mohammed 2010) . This halophytic flora can be exploited for an array of uses like food, fodder, fuel wood, medicines, chemicals, landscaping, ornamentals, and environment conservation through carbon sequestration . However, the physiological and biochemical mechanism responsible for tolerance to environmental stresses in such species is not understood. The problem of salinity on a global scale can be addressed through utilization of multiple strategies, such as understanding the molecular genetic basis of the salt adaptation mechanism in halophytes plant species from the cellular level to whole plant level. In vitro culture techniques serve as a useful tool to study the salt stress responses of undifferentiated cells in controlled and uniform conditions.
Cell and tissue cultures offers the opportunity to develop new germplasm and allows monitoring plant responses to salinity at biochemical and physiological level (Matkowski 2008) . The correlation between antioxidant capacity and salt tolerance was demonstrated in sevral plants, including salt tolerant glycophytes and true halophytes, such as Beta maritime, Cassia angustifolia and Crithmum maritimum (Li 2008) . Therefore, the objective of this study was to evaluate the antioxidant potential of callus of three halophyte species under salt stress for their possible use as an antioxidant. It would be also helpful in understanding the plant survival machinery and antioxidant activity under salt stress.
Material and methods

Plant material and growth conditions
The explants of three species viz., Salsola baryosma [(Roem. & Schult.) Dandy. Chenopodiaceae], Trianthema triquetra (Rottl. & Willd. Aizoaceae), and Zygophyllum simplex (Linn. Zygophyllaceae) were obtained from Pachpadra salt basin (North West India). The explants were washed under running tap water for 20 min to remove any adherent particles. Thoroughly washed explants were then immersed in 1% (v/v) Teepol, a liquid detergent for 2-3 min, and then they were surface sterilized in ethanol for 30 s. After it, they were immersed in 0.1% (w/v) aqueous solution of HgCl2 for 6-7 min, rinsed four times with sterilized distilled water to remove all traces of disinfectant. The plant materials were then cut down to make suitable size nodal explants (∼1 cm) and inoculated on to the surface of static media. The media consisted of major and minor salts in different salt strengths, For salt stress experiment, different NaCl concentrations (0, 50, 100, 200 mM) were added in the above MS medium and 40 mL medium was poured in 100 mL wide mouth conical flasks. The callus (∼2.0 g) was inoculated in each flask and these cultures were incubated at 25 ± 0. 
Soluble protein analysis
The samples were collected from untreated and 30-day NaCl-treated calli for estimation of soluble proteins. The callus (250 mg) was ground in chilled (Tris)-HCl buffer (10 mM, pH 6.8), then centrifuged at 15,000 g for 20 min. The supernatant were used for protein assay. The amount of soluble proteins was estimated according to the method of Bradford (1976) using bovine serum albumin as a standard.
Proline and soluble carbohydrate assay
The amount of proline was estimated by the ninhydrin method using fresh callus (0.5 g) in 3% sulfosalicylic acid and organic phase monitored at 520 nm by spectrophotometer (Specord 200, Analyte Jena, Germany) (Bates et al. 1973) . A modification of the method of phenol-sulfuric acid was used to determine soluble sugar content at 490 nm (Dubois et al. 1956 ).
Catalase activity measurement Catalase activity was measured by the method of Aebi (1974) . The assay system was comprised of 50 mM phosphate buffer (pH 7.0), 20 mM H2O2, and a suitable aliquot of enzyme in the final volume of 3 mL. The change of absorption values was recorded at 240 nm for 3 min. CAT activity was estimated by calculating the initial rate of disappearance of H2O2.
Determination of antioxidant activity Antioxidant activity was determined by extraction of samples, which were pooled and analyzed in triplicates. Dried powdered callus samples (200 mg) of three species were extracted 12 h at room temperature by shaking on a test tube rotator with 5 mL of 70% methanol. The samples were centrifuged at 10,000 g for 10 min at 10
• C and supernatant was used for antioxidant activities.
DPPH radical scavenging activity The 1.1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity was determined according to the method described by Hatano et al. (1988) . The reaction mixture (total volume 3 mL), consisting of 0.5 mL of 0.5 M acetic acid buffer solution pH 5.5, 1 mL of 0.2 mM DPPH in ethanol, and 1.5 mL of 50% (v/v) ethanol aqueous solution was shaken vigorously with various samples. After incubation at room temperature for 30 min, the remaining DPPH was determined by absorbance at 517 nm, and the radical scavenging activity of each sample was expressed using the ratio of the absorption decrease of DPPH (%) to that of the control DPPH solution (100%) in the absence of the sample. The radical scavenging activity was calculated as (%) = 100(A -B)/A, where A and B are the 517 nm absorption of the control and the corrected absorption of the sample reaction mixture.
Superoxide radical scavenging activity (PMS/NADH System) Superoxide anions were generated using PMS/NADH system. The superoxide anions are subsequently made to reduce nitroblue tetrazolium (NBT) which yields a chromogenic product, which is measured at 560 nm. The absorbance was read at 560 nm (Jain et al. 2008 ) and the inhibition percentage of superoxide anion generation was calculated the same as DPPH activity formula.
Ferric reducing antioxidant potential (FRAP) assay
The ferric reducing power of plant extracts was determined using the method of Benzie & Strain (1996) . The reaction mixture, containing 50 µL of sample solutions, and 2.95 mL of FRAP reagent (total 3 mL reaction mixture), was incubated for 30 min at 37
• C in a water bath. Then, the absorbance of the samples was measured at 593 nm. The difference between sample absorbance and blank absorbance was calculated and used to calculate the FRAP value. FRAP values were expressed as mmol Fe 2+ /g of sample.
Determination of total phenolic content Phenolic compounds were assayed using the Foline-Ciocalteu reagent, by following the method of Farkas & Kiraly (1962) . TPC was expressed as mg gallic acid equivalents (GAE) g −1 DW through the calibration curve with gallic acid at 650 nm.
Statistical analysis
All results were averaged over three separate analyses from six flasks of each treatment and experiment was done in duplicate. Results were reported as the mean ± standard deviation (SD) and analyzed by ANOVA followed by post hoc least significant difference (LSD) test at P ≤ 0.05 using prism statistical software. To correlate the results obtained with different methods, a regression analysis was performed and correlation coefficients were calculated.
Results
The callus of all the three species were initiated from the cut ends of nodal explants which was subcultured on fresh medium every four weeks. These cultures were steadily maintained in culture room from 6 months to have uniform callus before experiments were carried out. In Z. simplex soft, friable and cream colored callus was obtained; in contrast slight compact callus was obtained in S. baryosma. The growth rate of callus culture was fast in T. triquetra in comparison to both the species, and the callus was soft and reddish brown in color. The results obtained with NaCl generated salinity stress on callus tissues of S. baryosma, T. triquetra and Z. simplex are presented here.
Effect of NaCl on growth and soluble protein content The effect of NaCl on the growth of S. baryosma, T. triquetra and Z. simplex callus was recorded by measuring increased or decreased fresh and dry weight. Only a slight reduction in fresh weight was observed in the callus after 30 days with 50, 100 and 200 mM concentration of NaCl with all three species ( Table 1) . The dry weight of all the three species showed enhancement in dry weight when grown on the medium containing 50 and 100 mM NaCl. Further increase in NaCl concentration in the medium (200 mM) resulted in the inhibition of growth of the callus of all the three species (Table 1) .
Formation of proteins is regulated in plants depending on salt concentration (Yang et al. 2010) . During the present work, increased soluble protein content was observed in the callus of all the three species exposed to low-concentration of NaCl (50 and 100 mM) for 30 days. Among the three species maximal increase in protein content was recorded in Z. simplex callus under salt stress. In the two other species protein con- tent either increased slightly or remained stable with increased salt stress ( Table 1) .
Effect of NaCl stress on osmotic regulators proline and soluble sugar
The proline levels in response to NaCl treatment in S. baryosma, T. triquetra and Z. simplex callus after subculture for 30 days are presented in Figure 1 . Maximum proline content was recorded in S. baryosma followed by Z. simplex and T. triquetra callus, which increased with increasing salt concentration in the medium from 50 to 200 mM in all the three species.
Soluble sugar content followed the pattern similar to that recorded for proline content in all the salt treated species. NaCl treated callus of all three species showed increased sugar content with the increased NaCl concentration, and maximal sugar content was recorded in S. baryosma callus on all three concentrations of salt with highest content at 200 mM NaCl treatment, as compared to other two species (Fig. 2) .
Effect of NaCl on CAT activity CAT is one of the major antioxidant enzymes that eliminate H 2 O 2 by converting it into oxygen and water (Yang et al. 2010) . As shown in results, maximum CAT activity after 50 and 100 mM NaCl treatment was recorded in T. triquetra callus followed by S. baryosma and Z. simplex. Though, the CAT activity decreased at 200 mM concentration of salt in all the three species, it remained higher in NaCl treated cultures as compared to control cultures (Fig. 3) .
Effect of NaCl stress on antioxidant potential and total Phenolic content Antioxidant capacity was evaluated by DPPH and superoxide radical scavenging (SOD) anion activities. Maximum DPPH radical scavenging activities were recorded in callus cultures of T. triquetra which showed increase under 50, 100 and 200 mM NaCl treatment after 30 day of growth (Fig. 4) . High DPPH activity up to 200 mM NaCl treatment was also recorded in Z. simplex callus cultures followed by S. baryosma. The DPPH activity was found higher in NaCl treated cultures, however control cultures showed minimum DPPH activity in all three species (Fig. 4) .
Slight increase in SOD quenching was recorded in all the three species with NaCl treatment up to 100 mM, in comparison to its control cultures (Fig. 5) . Further increase in NaCl to 200 mM in the medium resulted in decreased SOD quenching in all three species. Among the species, Z. simplex callus demonstrated maximum SOD quenching under 50 and 100 mM NaCl treatments.
Results of ferric reducing potential (FRAP) of callus culture of S. baryosma, T. triquetra and Z. simplex was similar to those recorded for DPPH in all the three species and are presented in Fig. 6 . Among the three species, maximum FRAP activity was recorded in callus of T. triquetra followed by Z. simplex and S. baryosma with elevated concentration of NaCl.
Total phenolic content (TPC) of the cultures of all the three species increased slightly under salinity stress (Fig. 7) . However, TPC of T. triquetra callus showed maximum 15 mg GAE g −1 with the elevated 200 mM concentration of NaCl, followed by Z. simplex and S. baryosma.
Correlation between assays
To correlate the results obtained with the different methods, a regression analysis was performed (correlation coefficient R, Table 2 ). Significant correlations were established between the various parameters used to determine the antioxidant potential and total phenolic capacity, especially between FRAP and DPPH activity of Z. simplex showed maximum correlation (R = 0.992), as compared to T. triquetra (R = 0.972), and S. baryosma (R = 0.945). The FRAP and TPC assays were also found significantly correlative in Z. simplex (R = 0.990), S. baryosma (R = 0.950) and T. triquetra (R = 0.885). In addition, TPC and DPPH assays were found maximum significantly correlative in Z. simplex (R = 0.988). However, the negative correlations were observed between SOD and DPPH assays of S. baryosma and Z. simplex.
Discussion
Salt stress creates both ionic as well as osmotic stress on plants. Ultimately, plant function is explained by the operation of genes in cells and tissues to regulate plant growth in coordination with environmental constraints (Munns & Tester 2008) . These stresses can be distinguished at several levels (Tester & Davenport 2003) . Therefore, a better understanding of the integration and expression of tolerant mechanisms from the cellular level to the whole-plant level is necessary (Yang et al. 2010), and in vitro culture provides an excellent means to study these physiological genetic processes of plant at cell and tissue levels. Fresh weight increase and dry weight are often measured to reveal the growth of plants and cells in response to environmental stresses. In the present study, we observed that lower salt concentrations induced a slight reduction in the fresh weight, increase and significant elevation in dry weight in S. baryosma, T. triquetra and Z. simplex callus as compared with the control, which suggest a cellular tolerance to lower salinity in these halophytic species. However, the inhibition of the callus growth was reflected in decreased fresh weight increase and dry weight under 200 mM NaCl treatment. It may be concluded that all the three halophytes were similar in their sensitivity to salinity. At high salinity, growth reduction might either be caused by a reduced ability to adjust osmotic potential, consequently this results in saturation of solute uptake system, or because of excessive demand for energy requirements of such systems (Aghaleh et al. 2011) . Furthermore, increased soluble protein content was observed maximum in Z. simplex and lowest in T. triquetra callus cultures at lower salinity stress. Consequently, in response to lower salinity stress (50 and 100 mM), plants make new proteins that may provide a storage form of nitrogen which is reutilized when stress is over. In addition, these proteins may play a role in osmotic adjustment (Torabi & Niknam 2011) . However, high NaCl concentrations (200 mM) resulted in a significant decrease in soluble protein content. The reason for this might be that the amino acid of proteins reacted with active radical and would have been degraded (El-Mashad & Mohamed 2011) . Similar results were also obtained in mulberry cultivars where soluble protein increased at low salinity and decreased at high salinity (Agastian et al. 2000) .
Our studies revealed that under the salinity stress soluble sugars increased with the elevated proline accumulation in all three species. The maximum proline accumulation was found in S. baryosma with the increased soluble sugars. The presence of higher amounts of soluble sugars has been reported as main contributors to osmotic adjustment in the Atriplex halimus plants exposed to PEG and NaCl stresses and it was correlated with the response of NaCl stress on soluble sugar synthesis (Martinez et al. 2005) . Our results were consistent with results obtained by Torabi & Nikam (2011) in two Salicornia species. Thus, soluble sugars could be part of an array of defenses and signals that are useful to the plant survival in extreme salinity (Couee et al. 2006) . Several studies have attempted to relate the increased soluble carbohydrate with the enhanced salinity stress, in addition higher proline accumulation was found in salt-tolerant B. juncea plants with better growth than its control. Therefore, proline may act as a signaling/regulatory molecule able to activate multiple responses that are component of the adaptation process (Ashraf & Harris 2004) .
The relationships between CAT and H 2 O 2 during stress in above three species showed high CAT activity in T. triquetra callus. Strategies to minimize oxidative damage are a universal feature of plant defense responses. Hydrogen peroxide is eliminated by CAT and ascorbate peroxidases (Luna et al. 2004 ). These enzymes rapidly destroy the vast majority of H 2 O 2 produced by metabolism, but they allow low steady state levels to persist presumably to maintain redox signaling pathways (Noctor & Foyer 1998) . In another study, CAT activity assays were done in Bruguiera gymnorrhiza, before and after salt stress treatments with 500 mM NaCl for 9 days. It was shown that CAT activity increased to about 5 times more than that in unstressed control plants (Jitesh et al. 2006) . The plant antioxidant system consists of both enzymatic and non-enzymatic components and is important both for controlling excessive ROS production during stress and in maintaining the correct levels of ROS for growth and signaling (Mittler et al. 2004 ). Similar to glycophytes, halophytes are capable of up-regulating ROS scavenging systems under high-salinity conditions (Pang et al. 2005) . As a rule of thumb, activity of all major antioxidant systems increases noticeably under salt stress. However, for some species, no significant changes, or even a decrease in activity of some antioxidant enzymes have been reported (Shabala & Mackay 2011) . In our experiment, T. triquetra callus shown higher DPPH and FRAP activity, whereas lower SOD activity. SOD constitutes the first line of defense converting O − 2 to H 2 O 2 , which is further reduced to water and oxygen by ascorbate peroxidase and catalase (Lokhande & Suprasanna 2012) . Total phenolic content was also found higher in T. triquetra and lower in S. baryosma. Polyphenols synthesis and accumulation in plant are generally stimulated in response to salinity stresses ). These results could be explained by the fact that salinity stress may be associated with an increase in secondary metabolites. Similarly, our previous study also suggested elevated antioxidant potentials under salt stress in callus culture of Salvadora persica (Sharma & Ramawat 2013) .
Significant correlation were also found between FRAP and DPPH assays and total phenolic content determined. These results indicate a relationship between phenolic compound concentrations in plant callus cultures and their free radical scavenging and ferric reducing capacities. Therefore, the presence of phenolic compounds in callus of above three species contributes significantly to their antioxidant potential. Among the three species FRAP and DPPH activity of Z. simplex showed maximum correlation (R = 0.992). Both polyphenol contents and antioxidant activities in the above three halophytes species are accession-related. The degree of oxidative cellular damage in plants exposed to abiotic stress is controlled by the capacity for protection against oxidative agents. Salt tolerance seems to be favored by an increased antioxidant capacity to detoxify reactive oxygen species.
In conclusion, growth and antioxidant capacity of three halophyte species differ in their response to NaCl
